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Observations on the Formation and Ultrastructure of 
the Egg Membrane in the fern Ceratopteris 
thalictroides (Parkeriaceae) 
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( College of Life and Environment Science, Shanghai Normal University, Shanghai 200234, China) 


Abstract: The mature egg of ferns possesses a layer of egg membrane in the periphery . However, the fine trastructure and 
the formation of the egg membrane in the egg of fems are still unclear . The present paper described the formation and the 
ultrastructure of the egg membrane in the egg of the fern Ceratopteris thalictroides using transmission electron microscopy 
(TEM) .The results show that the egg membrane begins to form at the stage of the maturing egg . The egg membrane in the 
upper side of the egg is prominent . It is formed by attaching of osmiophilic sheets of endoplasmic reticulum to the inner sur- 
face of the plasmalemma . When mature the egg membrane in the upper side of the egg is much thick in the central region 
and it becomes thinner gradually towards the margin .Some osmiophilic materials are filled in the spaces between the sheets 
of endoplasmic reticulum .On the contrary, the egg membrane in the lower side of the egg is thin . It is composed of two 
osmiophilic membranes which are associated with each other closely . The formation and the ultrastructure of the egg mem- 
brane are described for the first time . Some functions of the egg membrane are also discussed . 
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Bell and Mihlethaler (1962) found an egg mem- Todea (Bell, 1986), Osmunda cinnamomea var. as- 
brane in the mature egg of Pteridium aquilinum (L .) iatica (Bao et al., 2003) and Dryopteris crassirhizoma 
Kuhn . Similar membrane has been detected in eggs of (Bao et al., 2005) . The egg membrane was consid- 
many ferns including Dryopteris filix-mass (Menke and ered to be derived from the degenerated organelles or 
Fricke, 1964), Histiopteris incise (Bell, 1980), the vesicles in the cytoplasm of the egg and formed out- 
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side the plasmalemma (Bell and Mihlethaler, 1962; 
Bell, 1986; Bao et al., 2003; Bao et al., 2005) . It 
has been proved that the egg membrane around the egg 
of P. aquilinum is lipid in nature (Cave and Bell, 
1974) . However, the formation and the ultrastructure 
of the egg membrane in the egg of ferns are still un- 
clear . In the present paper, the ultrastructure and the 
formation process of the egg membrane in the egg of the 
fern Ceratopteris thalictroides was observed by transmis- 
sion electron microscope . Some new phenomena about 
the formation and the structure of egg membrane, dif- 


ferent from the previous studies, are described . 


1 Materials and methods 

The spores of C. thalictroides (L .) Brongn . were collected 
from plant grown in the Botanical Garden of Shanghai Normal 
University . The culture of gametophytes were obtained as follow: 
The mature spore, soaked in sterilized water for 24 h in advance, 
was sterilized with 5% sodium hypochlorite solution for 5 minutes 
and then washed with sterilized water 3 times . The spores were 
sown in the culture medium of modified Knop s solution, solidi- 
fied with 1.5% agar . The materials were cultured at the condi- 
tion of about 25°C, fluorescent light (ca . 35u mot ms) ") 
with 18 h illumination and 6 h night . After about 3 to 4 weeks 
later, the gametophyte containing archegonia was picked up and 
plunged into 3 % glutaraldehyde in 0.1 mol/L phosphate buffer at 
room temperature for 6 - 12 h . The materials were subsequently 
washed with the same buffer for three times and fixed in osmic 
acid (2% aqueous solution) for overnight and then washed with 
the same buffer 3 times . After dehydration in a graded acetone 
series, the material was infiltrated with mixture of acetone and 
spurr s resin and then embedded in the pure resin . Specimens 
were thick sectioned firstly for the presence of the archegonium 
and then thin-sectioned with a diamond knife on an Ultracut-E 
ultramicrotome and mounted on grid . The thin sections were 
stained with uranyl acetate and lead citrate . All specimens were 


observed with H-600 electron microscope . 


2 Results of observation 
2.1 The development of egg and the formation of 
the egg membrane 

The development of the egg of ferns is generally 
divided into 3 stages, i.e . the young egg, the matur- 
ing egg and the mature egg (Bell and Duckett, 1976) . 
In the young egg of C. thalictroides, there are abun- 


dant organelles, including plastids, mitochondria, ves- 


icles and endoplasmic reticula in the cytoplasm . These 
organelles are basically distributed through out the cy- 
toplasm of the egg except the endoplasmic reticula, 
which are principally located at the periphery (fig.1) . 
The plasmalemma of the egg can be identified clearly 
(fig.1, arrowhead) . The cell wall between the egg and 
the adjacent cells is well defined and devoid of plas- 
modesmata . At the late stage of the young egg, a sepa- 
rate cavity (fig.1, SC) is formed between the plasma- 
lemma of the egg and the wall of the archegonium as 
the eliminating of vesicles from the cytoplasm of the egg 
cell . No additional membrane was formed around the 
egg in this stage . 

In the stage of the maturing egg, a striking feature 
of the egg of C. thalictroides is that a layer of osmio- 
philic membrane is formed around the egg . The osmio- 
philic membrane is not existed around the ventral and 
the neck canal cells . So the membrane is named as an 
egg membrane (fig.2, EM) .The egg membrane in the 
upper side of the egg is prominent (figs.3 - 5) . Most 
likely the endoplasmic reticula are involved in the for- 
mation of the egg membrane in this stage . Firstly, 
many sheets of endoplasmic reticulum in the egg cyto- 
plasm lie closely and parallel to the plasmalemma 
(fig.3.) . When a sheet of endoplasmic reticulum 
(fig.3, arrow) is attached to the inner surface of the 
plasmalemma, both the sheet of endoplasmic reticulum 
and the plasmalemma, become osmiophilic . The two 
osmiophilic membranes form the egg membrane (fig.3, 
EM) . At the side and the lower part of the egg, al- 
though some endoplasmic reticula lie closely to the in- 
ner surface of the egg, no additional sheet of endoplas- 
mic reticulum was seen to be attached to the plasmale- 
mma (figs.4, 5) . The osmiophilic membrane, cover- 
ing the lower surface of the egg, seems to be a double- 
layered membrane, occasionally two membranes can be 
detected in places (fig.4, arrow) . 

With the developing of the egg cell, more sheets 
of endoplasmic reticulum are attached to the inner sur- 
face of the upper egg membrane . As soon as the new 
sheets of endoplasmic reticulum are attached to old 
ones, they also become osmiophilic (fig.6, arrow) .In 


addition, the osmiophilic sheets, constituting the egg 
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Figs . 1-7 The formation of the egg membrane in the egg of Ceratopteris thalictroides 
1 . A part of young egg contains plenty of organelles including mitochondria (M), plastid (P), vesicles (V) and endoplasmic reticula (ER) , which are 
principally located in the periphery of the egg . A separate cavity (SC) formed between the plasmalemma (arrowhead) and the wall ( W) of the archego- 
nium; 2 . A maturing egg ( E) is surrounded by a layer of osmiophilic egg membrane (EM) .The ventral canal cell (VCC) is degenerating; 3 . Magnifi- 
cation of figure 2 showing the egg membrane (EM) in the upper side of the egg . The egg membrane formed by attaching of a sheet of endoplasmic reticu- 
lum (arrow) to the plasmalemma (P1); 4 .The same egg cell with figure 2 showing the egg membrane (EM) and endoplasmic reticula in side of the egg; 
5 . The same egg cell with figure 2 showing the egg membrane (EM) and endoplasmic reticula in lower side of the egg; 6 .The egg membrane ( EM) 
develops further by attaching of more sheets of endoplasmic reticulum (arrow) to the inner surface of the egg membrane; 7 . The lower part of the 


same egg cell with figure 6 showing the egg membrane (EM) in the lower of the egg unchanged . Abbreviation: N, nucleus; G, Golgi body 





546 0 U U Ud ud ud 30 [] 


membrane, are interconnected with each other . Final- 
ly, a multilayered osmiophilic egg membrane is formed 
inside the plasmalemma (fig.6) . In the cytoplasm, 
some redundant endoplasmic reticula are also existed 
(fig.6) . By contrast, the egg membrane in the side 
and lower part of the egg remain almost unchanged 
(fig.7) . 

In the late stage of the maturing egg, another con- 
spicuous feature of the egg is the occurrence of numer- 
ous small vesicles containing the strongly osmiophilic 
materials . These vesicles, with a diameter about 0.3 - 
0.5um, are principally located in the cytoplasm above 
the cup-liked nucleus (Figs.8, 9, Vo) . The vesicles 
are undoubtedly involved in the formation of the egg 
membrane in the upper side of the egg . The vesicles 
move firstly to the inner surface of the upper egg mem- 
brane and soon these vesicles are attached to the egg 
membrane (fig.9, Vo) . Occasionally, the fusion of 
vesicles with the egg membrane is observed clearly . At 
the same time, the osmiophilic materials within the 
vesicles begin to decondense into small granules, which 
are undoubtedly incorporated into the egg membrane 
(fig. 10) . Thus, the egg membrane completes its forma- 
tion . The maturing egg also contains plenty of or- 
ganelles, including the degenerated plastids, the mito- 
chondria and Golgi bodies (figs.3-5) . 

2.2 The structure of the egg membrane in the 
mature egg 

In the mature stage, the egg completes the forma- 
tion of the egg membrane . No sheets of endoplasmic 
reticulum are attached to the egg membrane . A con- 
spicuous feature of the egg is that the endoplasmic re- 
ticula, previously lying closely to the periphery of the 
egg, now form stacks in the cytoplasm (figs.11- 14) . 
The structure of the egg membrane in the upper side of 
the egg can be identified clearly . The outmost layer of 
the egg membrane is undoubtedly the plasmalemma 
which is much smoother than the osmiophilic sheets be- 
neath it (fig.11) .The osmiophilic sheets of endoplas- 
mic reticulum beneath the plasmalemma, with an un- 
dulated and rough shape, are interconnected with each 
other . The spaces between the sheets are filled with os- 


miophilic materials, which are condensed again after 


being incorporated into the egg membrane (fig.11, ar- 
row) . Another feature of the mature egg is that the 
thickness of the egg membrane in the upper side of the 
egg is not equal . In the central portion, the thickness 
of the egg membrane reaches or exceeds 0.5Um and it 
becomes thinner gradually towards the margin (figs.8, 
12). 

The egg membrane in the side and lower part of 
the egg has a relatively simple structure . It is a layer of 
osmiophilic membrane at first sight . But at high magni- 
fication, two layers of osmiophilic membrane can be 
detected clearly (fig.12) . The thickness of the egg 
membrane increases to about 70 - 80 nm . Occasionally, 
small osmiophilic granules are seen being attached to 
the egg membrane (fig.13, arrow) . In the mature 
egg, some large lumps of osmiophilic materials are of- 
ten seen in the cavity between the egg membrane and 


the wall of the archegonium (fig.14, arrow) . 


3 Discussion 
3.1 The formation and development of the egg 
membrane 

The mature egg of C. thalictroides possesses a 
layer of egg membrane, which has been proved to be 
existed in egg of other homosporous ferns including 
Pteridium aquilinum (Duckett and Bell, 1972; Cave 
and Bell, 1974), Histiopteris incise (Bell, 1980), 
Osmunda cinnamomea var. asiatica (Bao et al., 
2003), Dryopteris crassihizoma (Bao et al., 2005) . 
The egg membrane is believed to be formed by the dep- 
osition of materials which are derived from the degener- 
ated organelles or vesicles in the cytoplasm of the young 
egg on the outside of the plasmalemma . Although the 
young egg of C. thalictroides possesses plenty of vesi- 
cles, no osmiophilic materials within the vesicles are 
observed in the young egg . There are also no evidence 
that the vesicles are derived from the degenerated mito- 
chondria or plastids . So we considered that the egg 
membrane is not formed by the osmiophilic materials 
within the vesicles in the young egg . In this study, we 
described the detailed formation processes of the egg 
membrane in the upper side of the egg . It is proved that 


the egg membrane, especially the upper side, is formed 
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directly by sheets of the endoplasmic reticulum . As ear- lum is observed to lie closely to the periphery of the 


ly as in the young egg, the sheet of endoplasmic reticu- egg . As soon as the sheet of endoplasmic reticulum is 


Figs .8- 14 The formation of the egg membrane in the egg of Ceratopteris thalictroides 
8 . Numerous vesicles containing strongly osmiophilic materials (Vo) occurring in the cytoplasm at the late stage of the maturing egg; 9 . Magnification 
of the same egg cell with figure 8, showing the vesicles containing osmiophilic materials (Vo) move to the egg membrane (EM); 10 . The vesicles con- 
taining osmiophilic materials (Vo) are fused with the egg membrane; 11 . The mature egg membrane in the upper side of the egg, consisting of mem- 
branous sheets and osmiophilic materials (arrow); 12 . The egg membrane (EM) in the side of the mature egg, two layers of membrane can be detected 
clearly; 13 . The small osmiophilic material granules are attached to the egg membrane (arrow) . Stacks of endoplasmic reticula (ER) are often seen in the 
cytoplasm of the mature egg; 14 .Some lumps of osmiophilic materials (arrow) are often seen in the cavity between the egg membrane and the wall of the 


archegonium in the mature egg . Abbreviation: E, egg; M, mitochondrion; N, nucleus; P, plastid; Pl, plasmalemma; VCC, ventral canal cell 





548 0 U ü U ud du 30 [] 


attached to the inner surface of plasmalemma, both of 
them become osmiophilic and form the egg membrane . 
In succession, more sheets of endoplasmic reticulum 
will be attached to the inner surface of the egg mem- 
brane . Thus the membranous egg membrane is formed . 
After that, it is also demonstrated that the new formed 
vesicles containing the strongly osmiophilic materials in 
the cytoplasm of the egg are involved in the formation of 
the egg membrane . The distinct fusion of the vesicles 
with the egg membrane suggested the osmiophilic mate- 
rials within the vesicles are incorporated into the egg 
membrane (fig.10) . However, the origin of the new 
formed vesicle is still uncertain . We propose that the 
occurrence of the vesicles may be relative to the abun- 
dant endoplasmic reticulum in the cytoplasm of the 
egg . 
3.2 The structure and function of the egg mem- 

brane 

The detail structure of the egg membrane is still 
uncertain in the ferns so far reported ( Bell and Duck- 
ett, 1976; Bell, 1980; Bao et al., 2003; Bao et al., 
2005) . In present investigation, the fine structure of 
the upper egg membrane in the fern C. thalictroides is 
described for the first time . The detailed observations 
about the formation of the egg membrane suggested that 
the outmost layer of the upper egg membrane is undo- 
ubtedly the plasmalemma and beneath it are the osmio- 
philic sheets of endoplasmic reticulum . Here, it is sug- 
gested that the sheets beneath the plasmalemma are the 
fundamental skeleton of the egg membrane . After the 
membranous skeleton was formed, the osmiophilic ma- 
terials within the vesicles are incorporated into the egg 
membrane . By contrast, the egg membrane in lower 
part of the egg is much simple, only in high magnifica- 
tion, the two osmiophilic membranes can be detected . 
What role the special egg membrane plays is much in- 
teresting . It is known that the egg membrane around 
the egg of P. aquilinum is made up of lipid material, 


which may be used as a barrier to protect the egg from 


the ingress of metabolites or informational” molecules 
from elsewhere in the gametophyte (Cave and Bell, 
1974; Bell and Duckett, 1976) . The egg membrane of 
the egg of C. thalictroides is much prominent . Its role 
may be the same with that in P. aquilinum . In addit- 
ion, the distinct differences in morphology and struc- 
ture of the egg membrane between the upper part and 
the lower part of the egg may mean the great differences 
in function of them . The thick upper egg membrane, 
exposed to the sperms, suggests that it may be used to 
prevent the sperms from entering the egg . The entrance 
of the sperm may be a pore, which is found recently in 
the egg membrane (unpublished) . A further research 
will be conducted about the function of the egg mem- 
brane . Moreover, the osmiophilic lumps in the separate 
cavity are also encountered frequently in the mature 
egg, which may also be used to prevent the sperms 


from entering the egg in the lateral side . 
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